Many problems in multi-agent systems can be represented as a Distributed Constraint Optimization Problem (DCOP) where the goal is to find the best assignment to variables in order to minimize the cost. More complex problems including several criteria can be represented as a Multi-Objective Distributed Constraint Optimization Problem (MO-DCOP) where the goal is to optimize several criteria at the same time. However, many problems are subject to changes over time and need to be represented as dynamic problems. In this paper, we formalize the Dynamic Multi-Objective Distributed Constraint Optimization Problem (DMO-DCOP) and introduce the first algorithm called DMOBB to handle changes in the number of objectives.
Introduction
A Distributed Constraint Optimization Problem (DCOP) [6, 8, 9] is a fundamental problem that can formalize various applications related to multi-agent cooperation. A DCOP consists of a set of agents, each of which needs to decide the value assignment of its variables so that the sum of the resulting costs is minimized. In the last decade, various algorithms have been developed to efficiently solve DCOPs, e.g., ADOPT [8] Now consider a dynamic environment where many changes can occur. Many real world problems take place in such environment but the previous models (DCOP and MO-DCOP) do not take changes into account. There exists some works for dynamic DCOPs [1, 12] , however, as far as the authors are aware, there exists no work on considering multiple criteria in a dynamic environment.
As an example, imagine a set of unmanned vehicles searching for survivors while maintaining a wireless communication network between them. Those vehicles care about several objectives such as the fuel consumption, the quality of the communication network, the distance to the base, etc. We do not know if changes to the problem might occur but assume the topology of the problem (the agents and their ordering) will not change. Now, while searching for survivors, the vehicles are warned about several dangerous areas in their research zone. The vehicles need to react to this new information in order to avoid dangerous spots and new solutions are required to take every objectives into account.
In this paper, we first propose a Dynamic Multi-Objective Distributed Constraint Optimization Problem (DMO-DCOP) which is the extension of an MO-DCOP and a dynamic DCOP. Furthermore, we develop the first algorithm called Dynamic Multi-Objective Branch and Bound (DMOBB) for solving a DMO-DCOP. This algorithm focuses on a change in the number of objectives and utilizes (i) a special graph structure called a pseudo-tree, which is widely used in DCOP algorithms, (ii) a Decentralized Synchronous Branch and Bound. We adapted it for MO-DCOPs and DMO-DCOPs.
The remainder of this paper is organized as follows. Section 2 and 3 provides some preliminaries on DCOPs and MO-DCOPs. Section 4 formalizes a DMO-DCOP and introduces a novel algorithm for solving a DMO-DCOP which can guarantee to find all Pareto solutions. Section 5 empirically evaluates our proposed algorithm. Finally, we conclude in Section 6 and provide some perspectives for future work.
DCOP
A Distributed Constraint Optimization Problem (DCOP) [8, 9] is a fundamental problem that can formalize various applications for multi-agent cooperation.
A DCOP is defined with a set of agents S, a set of variables X, a set of constraint relations C, and a set of reward functions O. An agent i has its own variable x i . A variable x i takes its value from a finite, discrete domain D i . A constraint relation (i, j) means there exists a constraint relation between x i and x j . For x i and x j , which have a constraint relation, the reward for an assignment
For a value assignment to all variables A, let us denote
where d i ∈ D i and d j ∈ D j . Then, an optimal assignment A * is given as arg max A R(A), i.e., A * is an assignment that maximizes the sum of the value of all reward functions. A DCOP can be represented using a constraint graph, in which a node represents an agent/variable and an edge represents a constraint.
